Considering the noncore region influenced by El Niño-Southern Oscillation (ENSO) events, China is hardly investigated in terms of the vegetation variation during the ENSO period.Therefore, this study focused on increasing knowledge of vegetation growth and variation during the ENSO period.The novelty of this paper is introduced the moving window correlation analysis method to determine the thresholds of vegetation response to sea surface temperature anomaly (SSTa) and southern oscillation index (SOI) and analyze the main reasons for such variations.China was divided into seven areas based on different weather conditions, and the variations in vegetation growth in various areas during the ENSO period were analyzed. The response of vegetation to ENSO events in China was analyzed from the perspectives of precipitable water vapor (PWV), temperature, and precipitation, thereby revealing the interplay of multi-factors on vegetation growth.The main conclusions include (1) a positive vegetation response to El Niño exists all over China with thresholds of SSTa ≥ 1.87 • C and SOI ≤ −3.27hPa, whereas a negative response of vegetation variation to La Niña exists with thresholds of SSTa ≤ −1.05 • C and SOI ≥ 1.7hPa; (2) the correlations (p < 0.05) of PWV to normalized difference vegetation index (NDVI) (PWV-NDVI), temperature-NDVI, and precipitation-NDVI reached 0.84, 0.86, and 0.68, respectively, and PWV, temperature, and precipitation were negatively/positively abnormal during El Niño/La Niña periods; (3) in coastal areas of Southeast China, correlations between NDVI and PWV/temperature/ precipitation are poor and the opposite anomalies of PWV/temperature/ precipitation existed when compared to other areas of China.
I. INTRODUCTION
In the past few decades, China has witnessed phenomena closely related to El Niño-Southern Oscillation (ENSO) events, including an upward trend in surface temperature, a weakening trend of Asian monsoon, and southern flooding and northern drought of precipitation [1] , [2] . El Niño (La Niña) events are defined as eastern equatorial Pacific SST anomalies that exceed 0.5 • C −0.5 • C and persist for more than five months. The SOI is a series of monthly standardized index values for the difference in sea level between Tahiti (13 • S and 150 • W) and Darwin, Australia
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(13 • S and 130 • E) [3] .These phenomena can change the global atmospheric circulation and water cycle through the interaction of sea and air, resulting in severe droughts, floods, tropical cyclones, forest fires, and other extreme climatic events in and around the heated Pacific Ocean [4] , [5] . In addition, weather and climate are affect many regions of the world in the form of teleconnection and meteorological disasters [4] . Zhang et al. [6] and Wang and Wang [7] proved that ENSO events affect the temperature, precipitation, and typhoon landing in China, with temperature and precipitation as the main climatic factors affecting the ecological environment [8] . Therefore, the climate change caused by ENSO events will subsequently change the entire ecosystem and lead to the occurrence of disastrous weather events.
Normalized difference vegetation index (NDVI) is an important indicator in the ecological environment; it reveals the dynamic changes in regional vegetation [9] , [10] . Several studies have been conducted on ENSO's core impact areas, such as Africa and the Amazon. The principal component analysis method was used to study the correlation between vegetation and ENSO, and the results showed that NDVI variation was closely related to ENSO in certain areas of Africa [11] . Other studies have shown that ENSO signals exist in the long-term trend change of vegetation [12] . In addition, a weak but persistent negative correlation between ENSO events and NDVI was observed in the southeastern area of the United States [13] . Propastin et al. [14] reported that 16% and 1.18% of vegetation in Africa are vulnerable and highly vulnerable to El Niño events, respectively; moreover, the vulnerability degree of vegetation to El Niño events is dependent on the type of vegetation.
In Asia, Erasmi et al. [15] discovered the serious impact of ENSO-related climate anomalies on vegetation in Indonesia. As for the impact of ENSO events on vegetation in China, Lü et al. [16] observed that the area of vegetation sensitive to El Niño events varied in different ecosystems, and that grasslands and shrubs were the most sensitive areas to these events. Therefore, ENSO events cause different impacts on ecosystems of various countries, and understanding the impact of these events on ecosystems is important. Although several studies have been performed on ENSO and vegetation growth, few experiments are available on vegetation changes in China because the country is not a core region influenced by ENSO events. Therefore, the impact of ENSO events on vegetation growth in different geographical regions of China and the extent to which ENSO intensity affects China remain unclear.
The occurrence of tropical storms and typhoons bring a large amount of precipitation to Mainland China [17] . At the same time, precipitation is crucial in vegetation growth [18] . Some studies have shown that the number of typhoon landings in Southern China (SC) during La Niña period is less than that during El Niño events [19] . However, an opposite situation is observed in cases of strong typhoons. Fie and Xu [20] revealed that strong typhoons occurred more frequently in Fujian Province during El Niño than during the La Niña period. Therefore, different degrees of typhoons have brought different amounts of precipitation in Mainland China, thereby causing different contributions to vegetation growth.
Hence, this study investigated the impact of ENSO events on vegetation growth in China during the period of 1982 to 2015 and explored the internal mechanism of ENSO events and vegetation growth in China. This study is important to plan disaster prevention and mitigation during the ENSO period. Both the factors derived from surface (temperature and precipitation) and high altitude (precipitable water vapor) are considered, which was never studied before. Additionally, the changes in typhoons and tropical storms during ENSO events from 1951 to 2015 were investigated, and abnormal changes in precipitable water vapor (PWV), temperature, and precipitation were analyzed based on the actual situation of typhoon landings in China during the ENSO period. Finally, the impacts of anthropological activities on vegetation variation were also investigated briefly.
II. DATA AND METHOD A. STUDY AREA
China is located in the eastern part of Asia and west coast of the Pacific Ocean, with longitude and latitude of 4 • − 54 • N and 73 • − 135 • E, respectively ( Figure 1 ) and a total area of approximately 9.6 million km 2 in Mainland China. West China mainly consists of high terrains, whereas the opposite can be observed in the east. Mountains, plateaus, and hills account for nearly 67% of the land area, whereas 33% include basins and plains. The climate of China is characterized by high temperature and abundant precipitation in summer and low temperature with minimal precipitation in winter; the amount of precipitation decreases from the southeast coast to the northwest inland region. Mainland China features remarkable geographical differences, thereby causing varied distribution of atmospheric water vapor throughout the country with high and low content in the southeast coast and northwest inland region, respectively. In addition, the seasonal distribution characteristics of atmospheric water vapor over China are affected by the east Asian monsoon [21] , [22] . Based on the different climate and vegetation types, Mainland China can be divided into seven areas, namely, northeast (NEC), northern (NC), central (CC), eastern (EC), SC, southwest (SW), and northwest China (NW). Table 1 lists the detailed climate and vegetation types for each region. Figure 1 presents the boundaries of seven geographic areas in mainland China and the meteorological stations selected in this paper are marked by red circles. The diagnostic data for ENSO process monitoring (ENSO 3.4 and SOI index) were extracted from the Earth System Research Laboratory of the National Oceanic and Atmospheric Administration (https://www.esrl.noaa.gov/psd/data/). The meteorological data required for the experiment were obtained from the daily dataset of China , s surface climatic data (V3.0) in the scientific data-sharing platform of China (http://data.cma.cn/). Stations with complete observation recordings after 1982 were selected, and the average monthly temperature and total monthly precipitation from 1982 to 2015 were obtained at each station. A strict quality control process has been carried out before the meteorological data used and some meteorological stations are removed due to the absence of different degrees of data. Finally, the distribution of meteorological stations is shown in Figure 1 , where the stations in Jiangxi, Guizhou, Hainan and Xizang are excluded in this paper. Typhoon data used originated from the Tropical Cyclone Data Center of the China Meteorological Administration (http://tcdata.typhoon.org.cn/). The intensity of tropical cyclone landing points was divided into six grades ( Table 2 ) based on the national standards of tropical cyclone levels (GBT 19201-2006) [23] .
B. DATA
The NDVI data were obtained from the third-generation dataset (https://ecocast.arc.nasa.gov/data/pub/gimms/3g.v1) of the Global Inventory Monitoring and Modeling System (GIMMS3g); the data included the half-monthly NDVI values from 1982 to 2015 with a spatial resolution of 8 km × 8 km. The GIMMS3g dataset was pre-processed with radiometric and geometric corrections with the coordinate reference system of WGS84 [24] . The pixel value was computed as the digital number value × 1000, and the pixel values of background and water values were set to −1000. Maximum value composite was used to obtain the monthly NDVI data of Chinese regions from 1982 to 2015 [25] . To further reflect the influence of ENSO events on vegetation growth in China, the bilinear interpolation method was used to obtain the NDVI value of each meteorological station. In addition, meteorological stations with NDVI mean values less than 0.2 in the growing season were excluded from the experiment [26] .
PWV, also called atmospheric water vapor, refers to the total content of water column of unit area from the surface to the top of the troposphere. At present, PWV can be obtained by using techniques, including radiosonde, very long baseline interferometry, microwave radiometer, global navigation satellite system, and reanalysis data [27] . This study utilized the reanalysis data from the European Center for Medium-range Weather Forecasts (https://www.ecmwf.int/), which are typically used with high-precision and high-spatial-resolution data [28] . The spa- tial resolution of ERA-Interim data used in this paper was 0.125 • × 0.125 • , and the grid PWV data were interpolated into the location of meteorological stations.
C. METHOD
Moving window correlation analysis (MWCA) was introduced in this paper; the purpose of this method is used to analyze datasets with determined windows and calculate the correlation coefficient for each regression point. Therefore, a smooth time series can be generated, and the continuity of each time process can be analyzed [29] . In this study, correlation coefficients between NDVI time series and ENSO event in Mainland China were calculated via MWCA.
where r in corresponds to the correlation coefficient of ith point; n refers to the selected window; x i and y i denote the corresponding values of independent variables at the ith point; µ xn and µ yn are the average values of x and y under the case of the determined window n, respectively. σ xn and σ yn are the average of x and y in window n, respectively. In this study, the determination of window n was subjective. Section 3 presents the detailed information of how to select the optimal window for MWCA in this experiment. Additionally, the standardized distance square method was also used in this paper, and the purpose is to determine anomaly changes in NDVI time series. The anomaly value of NDVI could be used to calculate the probability of an anomaly during the ENSO period. This method was also used to characterize the anomaly in temperature, precipitation, and PWV in ENSO and typhoon events to analyze their relationship with vegetation variation.
III. IMPACT OF ENSO EVENTS ON VEGETATION A. CLASSIFICATION OF ENSO EVENTS WITH DIFFERENT INTENSITIES
El Niño and La Niña events are determined by the index of sea surface temperature anomaly (SSTa) and SOI [30] . When the SOI index was positive, a negative SSTa existed, corresponding to La Niña events. When the SOI index was negative, a positive SSTa existed, corresponding to El Niño events. According to the classification of ENSO events by Wang et al. [5] , El Niño were divided into the following four types:
B. CORRELATION ANALYSIS BETWEEN NDVI AND ENSO
MWCA was used to explore the impact of the east Pacific ENSO event on vegetation variation in Mainland China. The size of the sliding window was first determined before the correlation analysis between NDVI and SSTa. In this section, the optimal sliding windows of seven geographic regions in Mainland China were determined. The time length of GIMMS3g data was from 1982 to 2015, and moderate El Niño occurred eight times during this period (Table 3) . Correlation analysis was performed on SSTa and NDVI of these eight El Niño events, and the window size was set to 12-48 months. Correlation coefficients under different window sizes were then calculated. In the experiment, medium-intensity El Niño events were used to determine the optimal window size because (1) China was not the core region affected by ENSO event, and weak El Niño events might only cause a slight effect on vegetation variation; (2) strong/superstrong El Niño events, which occurred less frequently from 1982 to 2015, were insufficient to reflect the true impact of El Niño on the vegetation variation in Mainland China. coefficient between SSTa and NDVI. The optimal window was determined based on the 25% quantile (red line) of the correlation coefficient [31] . Similarly, the optimal window size of MWCA between NDVI and SOI in the seven geographical regions of China could also be determined (Figures 3(i)-3(p)). Table 4 presents the optimal windows of MWCA between SSTa/SOI and NDVI in different regions of Mainland China. The optimal windows of MWCA between SSTa and NDVI were 19-23 months in different geographical regions of China, whereas those of MWCA between SOI and MWCA spanned 21-23 months. These results indicate that the responses of vegetation to SOI and SSTa differed in different regions of mainland China.
The correlation coefficient of NDVI and SSTa could be calculated by using the optimal sliding window threshold shown in Table 4 . The sliding coefficients were then calculated between these coefficients and SOI. Figure 4 presents the correlation coefficients between NDVI and SSTa/SOI. results indicate that (1) vegetation was affected by El Niño events in varying degrees; (2) studying vegetation affected by ENSO based on the different geographical regions is reasonable. Figure 4(b) shows that the response characteristics of vegetation to SOI in Mainland China were opposite with those of SSTa.
C. DETERMINATION OF THE RESPONSE THRESHOLD OF VEGETATION TO SSTA AND SOI
To further clarify the influence of El Niño and La Niña events on vegetation growth in Mainland China, the correlations of NDVI and SSTa/SOI were used as input to evaluate the correlation between the strength of ENSO-NDVI/SOI-NDVI relationship and SSTa or SOI value, respectively [15] . If the correlation coefficient fell in the dotted blue lines shown in Figure 5 , then vegetation growth showed no clear response to the ENSO event. In this study, percentile method [31] was used, and 25% and 75% percentile thresholds were selected for plotting the dotted blue lines. The lines were used as boundaries to determine whether vegetation responded significantly to ENSO events. Figure 5 (h) shows that the positive and negative response thresholds of NDVI to El Niño and La Niña events in Mainland China were −0.93 • C and 1.8 • C, respectively. These results indicated that if SSTa reached −0.93 • C or 1.8 • C, then vegetation growth was promoted or inhibited over Mainland China, respectively. Therefore, strong and super strong El Niño could seriously threaten the ecological environment of Mainland China. At the same time, this conclusion also proved that China was not sensitive to weak ENSO events because the country was not the core region affected by ENSO events. Table 5 lists the statistical results of thresholds of the negative/positive response of vegetation to El Niño/La Niña events in different geographic areas. The results in Table 5 and Figure 5 indicate the poor sensitivity of vegetation to El Niño/La Niña events in SC and SW regions. When SSTa was higher than 2 • C, a negative impact on vegetation was observed in these areas. Vegetation exhibited a sensitive response to SSTa in NEC, NC, and NW regions with threshold values of 1.69 • C, 1.64 • C, and 1.67 • C, respectively. Vegetation was sensitive not only to El Niño events but also to La Niña events in NEC, NC, and NW regions. The occurrence of La Niña promoted the vegetation growth in these regions when SSTa was less than −0.66 • C. The sensitivity of vegetation growth to La Niña events was relatively poor in SC and SW regions with SSTa thresholds at −1.86 • C and −1.46 • C, respectively. Two reasons could explain the different responses of vegetation to El Niño/La Niña events in various geographic areas of Mainland China. The first is the different vegetation types covering those areas. The second reason was the different impacts of El Niño/La Niña events, such as changes in precipitation and temperature, on the climate of various areas. Moreover, climate change showed an indirect impact on vegetation variation. The second aspect will be discussed in detail in the next section.
The response threshold of NDVI to SOI was also calculated ( Table 5 ). A similar result was compared with that between NDVI and SSTa. Vegetation presented an evident response to SOI in NEC and NW areas, whereas weak sensitivity was observed in SC and SW areas. The negative and positive response thresholds of vegetation to SOI in Mainland China totaled 1.79hPa and −3.31hPa, respectively.
IV. ANOMALY ANALYSIS OF DIFFERENT FACTORS OF VEGETATION VARIATION DURING ENSO PERIOD A. ANOMALY ANALYSIS OF NDVI DURING THE ENSO PERIOD 1) CORRELATION OF NDVI AND MULTI FACTORS
Several studies have proven that vegetation growth mainly depends on temperature, precipitation, sunshine duration, and solar radiation [8] , [11] , [18] , and a suitable meteorological environment is favorable to the rapid growth of vegetation. Nemani et al. [18] observed that precipitation affected global vegetation growth by more than 40%, whereas temperature and solar radiation influenced global vegetation growth by 33% and 27%, respectively. Therefore, this study attempted to explain the abnormal vegetation variation during the ENSO period from the perspective of meteorological factors. Several studies have analyzed the relationship between surface meteorological factors and vegetation growth, but few researches investigated the relationship between the factor above the surface (PWV) and vegetation growth. This work considered the influence of both factors on and above the surface.
The correlation analysis between vegetation and PWV was first performed in seven geographical regions of Mainland China (Figure 6 ). Figure 6 illustrates that NDVI and PWV exhibited a good correlation. The correlation coefficients were higher than 0.85, except in the SC region (coefficient was 0.43). The SC region obtained a small correlation coefficient because (1) vegetation type is evergreen all year, causing difficulty in observation compared with those in other parts of China (Table 1) ; (2) PWV demonstrated distinct cycle signals [21] , [32] , which were consistent with those of NDVI in the majority of parts of China [33] , and vegetation growth in Southern China showed no correlation with PWV because of special vegetation types; (3) SC area was densely populated, and anthropological activity was also an important factor affecting vegetation growth [34] . A discussion on the effect of anthropological activity in vegetation growth will be presented in the following section. VOLUME 8, 2020 The correlation between temperature/precipitation/PWV and NDVI in different regions in Mainland China was analyzed ( Table 6 ). The results showed that the correlation coefficient between vegetation growth and multi-factors in the SC region was lower than that in other regions, and the correlation between NDVI and temperature/precipitation/PWV in this region was poor, which was consistent with the study of Yong [35] Except for the SC area, a strong correlation existed between NDVI and multi-factors. Therefore, this study attempted to explain the response mechanism of NDVI to ENSO events by analyzing the anomalies of such factors during ENSO events.
2) ANOMALY ANALYSIS OF MULTI-FACTORS DURING THE ENSO PERIOD
To analyze the changes in multi-factors during the ENSO period, anomaly values of PWV, precipitation, and temperature in each selected station from 1982 to 2015 were calculated, and the average anomaly values of these factors during the ENSO periods were obtained. Figure 7 shows the anomaly values of PWV, temperature, and precipitation during El Niño and La Niña periods. During El Niño period, PWV, temperature, and precipitation obtained positive anomalies of 0-1.8 mm, 0-0.6 • C, and 0-60 mm in the southeastern coastal area of China (SC and the southeast region of EC) and negative anomalies of −0.6-0 mm, −0.37-0 • C, and −10-0 mm in other areas of China, respectively. During the La Niña period, the same factors exhibited negative anomalies of −0.4-0 mm, −0.3-0 • C, and 28-0 mm in the southeastern coastal area of China and positive anomalies of 0-0.7 mm, 0-1.2 • C, and 0-12 mm, respectively, in other areas of China. These phenomena occurred in Mainland China, except for southeastern coastal areas of China, due to the destruction of suitable conditions for vegetation growth during the El Niño period, thereby leading to lower PWV, temperature, and precipitation values than normal years and subsequently causing the negative correlation between vegetation and El Niño. However, during the La Niña period, the anomaly values of PWV, temperature, and precipitation in most areas of China were greater than 0 and higher than those during normal years. This condition favored vegetation growth, and NDVI showed a positive anomaly in majority of areas of China during La Niña period.
As mentioned above, vegetation demonstrated poor sensitivity to El Niño and La Niña in the southeastern coastal areas of China with low correlation coefficients between NDVI and PWV/temperature/precipitation in those regions (Figure 8 ). Considering these factors, the positive anomalies of PWV, temperature, and precipitation in the coastal areas of China during El Niño and the negative anomalies during La Niña failed to reveal the negative/positive correlations between NDVI and El Niño/La Niña. Yong [35] discovered that the influence of solar radiation on vegetation growth in southeastern coastal areas of China was greater than that of temperature and precipitation, and the influence of solar radiation on vegetation growth in southern China was higher than that in the other areas of China. Liu et al. [36] , proved that solar radiation is weak during EI Niña, which may be one of the reasons for the negative response of vegetation in SC area of China. In addition, Beer et al. [37] pointed out that the absorption of water vapor, clouds and other substances in the atmosphere to solar radiation will cause changes in solar radiation. Chen and Li [38] also showed that the PWV value of the weak radiation day was greater than that of the strong radiation day. It can be observed from Figure 7 (a) and (e) that the PWV anomaly and precipitation anomaly in SC area of China are 0-2mm and 0-60mm, which are higher than the normal level during EI Niña period. Cloudy weather caused by high water vapor and precipitation anomalies may reduce solar radiation. The decrease of solar radiation will have an adverse effect on vegetation growth in SC area. However, during La Niña, the decrease of PWV and rainy weather caused by precipitation will increase the solar radiation, and such phenomenon has a positive impact on vegetation growth.
B. IMPACT OF TYPHOON LANDING ON FACTOR ANOMALIES DURING THE ENSO PERIOD
To analyze the relationship between NDVI and PWV/ temperature/precipitation during the ENSO period in the southeastern coastal areas of China, the different intensities of tropical storm landings in Mainland China were introduced over the period of 1951 to 2015. Figure 9 presents the number and intensity of tropical storm landings in Mainland China in the past 65 years. Figure 9 shows that the frequency and number of strong typhoon landings in China have increased in recent years. The statistical results revealed that the number of strong typhoons was 7 times/10a over the period of 1961-1984 and increased to 11 times/10a in 1985-2015. Such result was probable related to global warming [39] . In addition, the numbers of tropical cyclone landings in 1951, 1969, 1982, 1983, 1997, 2014, and 2015 were relatively less than those in other years. These years coincided with the El Niño event or its formation period ( Figure 2 ). Tropical cyclones landed more frequently during 1956, 1967, 1974, 1981, 1984-1985, 1989, 1999, 2000, 2008 , and 2013 because of the co-occurrence of La Niña events. Figure 10 The frequency distribution of tropical cyclone landings in Mainland China during El Niño and La Niña periods was obtained to analyze further the impact of tropical cyclone landing on different factors (Figure 11 ). Figure 11 shows that the frequencies of TD, TS, STS, TY, and Super Ty during El Niño period were lower than those during La Niño period, whereas that of STY was higher during El Niño than La Niña period but lower than that during the non-ENSO period. The landing frequency of tropical cyclones during El Niño period was 18% lower than that during the La Niña period. In SC, typhoons landed less frequently during El Niño period than during La Niña period, consistent with the findings of previous studies [19] . The landing of tropical cyclones would be accompanied by different degrees of precipitation and PWV [40] , [41] . In this study, Figures 7(a and e) and 11 show that although the number of tropical cyclone landings in Mainland China during El Niño period was less than that in other years, the precipitation and PWV in southeastern coastal areas of China remained notably high with an anomaly value of up to 60 mm and 2mm, which may be caused by the loading of super strong typhoon during the El Niño period (Figure 11) . Similarly, although the frequency of tropical cyclone landings in Mainland China during La Niña period was higher than that during the non-La Niña period, a negative anomaly of precipitation and PWV still existed in the southeastern coastal areas of China (Figures 7(b and f) and 11), thereby indicating that precipitation and PWV were significantly lower than that in normal years during the non-tropical cyclone landing period. These results further proved the conclusion obtained above, that is, (1) precipitation and PWV increased, and solar radiation decreased in the southeastern coastal areas of China during El Niño period, thereby leading to the negative response of vegetation growth;
(2) precipitation and PWV decreased, and solar radiation increased in the southeastern coastal areas of China during La Niña period, thereby leading to the positive response of vegetation growth.
The above section shows that vegetation growth in the southeastern coastal areas of China mainly depends not only on meteorological factors, such as precipitation and temperature but also on solar radiation [35] . Therefore, the typhoon landings in southeastern coastal areas of China exhibited a negative effect on vegetation growth during both El Niño and La Niña periods because typhoon landing would inevitably lead to continuous cloudy and rainy weathers.
C. IMPACTS OF ANTHROPOLOGICAL ACTIVITIES ON VEGETATION IN MAINLAND CHINA
Except for the natural factors mentioned above, the impact of anthropological activity factors on vegetation growth was also important, especially the impact of the grain to green policy in the past 20 years [8] . Figure 12 shows the spatial distributions of population and vegetation growth in Mainland China. Except for the NC region, vegetation growth in Mainland China was consistent with the population distribution. Therefore, anthropological activity significantly affected vegetation changes in Mainland China. Vegetation changes caused by anthropological activities, such as urbanization and agricultural irrigation, could cover the influence caused by ENSO events on vegetation growth. In addition, changes in regional climate caused by anthropological activities could lead to changes in vegetation growth in Mainland China, and these factors will cover the impact of ENSO events on vegetation variation in varying degrees [16] , [34] .
V. CONCLUSION
The intensities of El Niño and La Niña events were first determined by using SSTa and SOI. Mainland China was divided into seven geographic areas to discuss the response of vegetation to ENSO events. The optimal sliding window of MWCA was determined in different areas, and the response threshold of vegetation to ENSO event was calculated. At the same time, PWV, temperature, precipitation, and typhoon events were introduced to analyze the response mechanism of vegetation to ENSO event. The main conclusions are as follows:
(1) Vegetation was negatively correlated to El Niño and positively correlated to La Niña events. El Niño event showed a negative effect on vegetation growth with thresholds of SSTa > 1.87 • C and SOI < 3.27hPa, whereas La Niña event presented a positive effect on vegetation growth with thresholds of SSTa < 1.05 • C and SOI < 1.7hPa.
(2) PWV, temperature, and precipitation exhibited good correlations with NDVI in Mainland China with average correlation coefficients of 0.86, 0.84, and 0.68, respectively. Except for the southeastern coastal areas of China, PWV, temperature, and precipitation showed negative and positive anomalies during El Niño and La Niña events, respectively.
(3) PWV, temperature, and precipitation were higher than the multiyear average levels in the southeastern coastal areas of China during El Niño period, whereas lower values were observed during the La Niña period. These results differed from those of other areas in Mainland China because of the special vegetation type in these areas and solar radiation, which is the main factor affecting vegetation growth. During the El Niño period, precipitation and PWV were higher than the average level, and solar radiation received was lower than that in the other years, thereby probably resulting in a negative correlation between vegetation and El Niño events. However, during the La Niña period, precipitation and PWV were below the average level, and the absorbed solar radiation exceeded that of the other years, thereby probably resulting in a positive correlation between vegetation and La Niña.
In this study, the impact of ENSO on vegetation in Mainland China was analyzed, but the responses of different vegetation types in different geographical regions to ENSO events were excluded. In addition, the results of this study include the statistical findings on the response of NDVI to ENSO from 1982 to 2015 rather than the response of NDVI to a specific ENSO event. Therefore, the effects of different ENSO events on vegetation growth cannot be concluded. These issues will be further investigated in the following studies.
